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GE and P&W Agreement 
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Program manager - implementation phase 
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enough to satisfy our goal of an eightfold gain in the operational economics of the airplane. 
Technology improvements in both the aircraft and, more importantly, in the propulsion system are 
needed to deliver a competitive and environmentally acceptable aircraft to the market in 2005. 




Concorde HSCT 


Second Generation 
Supersonic Transport 
Versus Concorde 
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Environmental Challenges 
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years of safe, reliable service with extended engine operation near full power. 



Environmental Challenges 
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• Sonic boom (alleviation if possi 


Engine Emissions Assessment 
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Engine Emissions Assessment 
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NASA flame tube testing is encouraging 
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significant progress in exhaust nozzle technology over the past 30 years. The pounds of exhaust 
system per dB of noise reduction has improved considerably since the GE4 engine. In the process, 
the complexity of the system has increased as evidenced by the number of actuation systems 
involved. 
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T 2533. 04 - 910507 



Evolution of Supersonic Engines 
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iesign. This means closer working relationships between the aircraft and engine manufacturers. 


Evolution of Supersonic Engines 
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Highly coupled inlet-engine-nozzle 








Supersonic Engine Trends 
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• Modest improvements at supersonic conditions resulting from advances 
in design technology; earlier designs were near-optimum cycle 

• Improvements at subsonic conditions more pronounced due to use of cycles which 
give better propulsive efficiency subsonically, while preserving supersonic match. 


Supersonic Engine Trends 
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HSCT Engine and Nozzle Options - Being Evaluated 




HSCT Engine and Nozzle Options - Being Evaluated 
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HSCT Propulsion Development Schedule 
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HSCT Propulsion Development Schedule 
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Define inlet, engine, and exhaust nozzle design criteria and risk elements 

Analytically model exhaust nozzle/wing interaction (impact on entrainment) and propulsion 

pod/wing interactions 

Select a baseline engine/exhaust nozzle concept with backups 

Identify a "slave" engine from existing assets for HSR Phase II technology validation testing 


1992 Goals 
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Control definition 




1992 Goals 
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Select baseline engine/nozzle and backup(s) 
Identify demo engine from existing assets 




Design Ground Rules - Engine Evaluation 
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P&W and GE Design Teams Are Defining Engines 

Common Set of Assumptions 



P&W Mixed Flow Turbofan 
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P&W Mixed Flow Turbofan 
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GE Mixed Flow Turbofan 
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GE Mixed Flow Turbofan 
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GE Variable Cycle Engine 
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GE Variable Cycle Engine 
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- Total 1 0,930 Cfg takeoff .93 

This data is based on GE design ground rules. Engine 
design is being updated in 1991 to common design groundrules 


P&W Turbine Bypass Engine (TBE) 
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W Turbine Bvnass Engine (TBE 
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BPR - T41 cruise 2700°F 

Weight -Core TBD T3 cruise 1250°F 

- Exhaust nozzle TBD Cfg cruise .982 

- Total TBD Cfg takeoff .95 



P&W Turbine Bypass Engine with Inverted Flow Valve 
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P&W Turbine Bypass Engine with Inverted Flow Valve 
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GE Fan on Blade (F|ade) 
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GE Fan on Blade (Flade) 
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HSCT Duty Cycle Significantly Different from 
Subsonic Transport 
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HSCT Duty Cycle Significantly Different from 
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Twice as many cycles 

Sustained operation at higher temperatures 
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Material Technology Influence 
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required. The result is a significant reduction in both acquisition cost of ownership (smaller 
airplane) and fuel burn. 


Material Technology Influence 



24% impact on 4% impact on 

propulsion weight cruise efficiency 


Propulsion Technology Impact on TOGW 
(5,000 n.m. Mission) 
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oonsumpiion ot me engines, improvements in acoustic suppression technology, and the reduction 
in engine weight as a result of the incorporation of advanced materials. 



Propulsion Technology Impact on TOGW 
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developing any new transportation system. 


Engine Materials Impact 
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Utilization of Advanced Propulsion Materials Contribute 
Significantly to Economic Viability Goals of HSCT 



Low Emission Combustor Concepts 
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overall economics of the airplane. They are similar in size to conventional combustors and operate 
with similar fuel efficiencies. 


Low Emission Combustor Concepts 
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HSCT Low Emission Combustor Status 
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Annular combustor 

- Conventional materials 

- Advanced materials 


- Conventional materials 

- Advanced materials 
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Two Basic Noise Reduction Approaches 
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Two Basic Noise Reduction Approaches 
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Specific thrust ((Fg/w)xg); exhaust velocity, ft/s 



HSCT Exhaust Nozzle Status 
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Identified acoustic lining as critical technology 

Utilized ANOPP to evaluate aircraft takeoff noise and impact of operational procedures 
and aircraft low speed performance 

















Take-off Noise Impact 


3 

O 

XI 

4-^ 

5 

g 

O 

k_ 

Q. 


O 

0 

Jxl 

0 


03 

v_ 

O 

k-. 

0 

a) 

x: 


° = 

^ CD 
O 05 

o 0 

O GO 

^ CD 
V) CO 


CO C “O 
03 CD 

£ <D -g 

? O) ° 

0 d L 
N CD CO 

(/) O ^ 

0 — Cl 
S .CO g 

O) sz E 
<z i_ a) 

0 Q_ 

0 "O ^ 

~ § £ 

= 8 £ 
— CO > 
CD ^ > 
w , _ O) CD CD 

€ £ -2> « Jd CL g 

W 0 h 

0 S 

(D 0 ^ 

E 05 TJ 

^ Q 


"O 

CD 

a 

0 

2 

CL 


0 

E 

0 

sz 

c 

0 

O 

<0 

4 — * 

c 

0 

E 

0 


3 

0 

xi 

x 

0 

C 

0 


DC 
< 
U- 

0 
> 
o 

JZ 
^ o3 

*5 DO 

r- -O 


3 

cr 

0 


0 

CO 

o 

c 


0 

CO 

0 

4— > 

C/) 

CD 

CO 

DC 

< 

LL 

0 


■a 

0 

4— » 
0 
a 

T3 

c 

to 

0 

T3 
3 
4— » 

CO 


0 


CO 

c 

o 

4-* 

0 

g 

L— 

TZ 

O 

E 

"O 

c 

0 

05 

O 

O 

c 

x: 

o 

0 
4 — * 

c 

o 

'co 

CO 

0 

u 

CL 

CL 

3 

CO 

_0 

N 

N 

o 

c 


co c\i 
CD V* 
“O ^ 

0 B 

c 03 

CO E 

c 3 

0 g 

S& 

6 « 

**- CO 

0 ^ 
a '*-~ 
~ O 

05 CO 

■g *o 

‘co c 

1 1 

■i 8 

2 o 

Q. O 

Q) 

"I 

0 T3 
C C 

05 Q 


u > (D 

O CM </) 

~ O to 


CD 

tl 

O c - 
S> g> 
co 
0 

_ "O 

0 4z: 

0 


CO 

3 


0 

"O 

k_ 

o 

c 


CO 

0 
k- 

3 

“O x kl 
0 0 o 
O ,b= 
O ^ aJ 
i; r w 
CL +- 

O) 

o .E 

0 OL 
CL 
0 O 


0 

xi 

4—' 

o 

4— ' 

B C 

■O 

0 


c 

0 

0 

JZ 

4—* 

05 


o 

0 

0 

0 

CL 


CO 0 
0 o 
05 Jr; 
C 0) 
0 CL 

O 2 

2 >* 

C X2 

05 "O 


O 

0 

C 

0 


0 


O 

k_ 

3 

o 


4— » 

CO 

3 

0 

'n 

CO 

k_ 

w 

0 

o 

L. 

E 

3 

\u 

CO 

0 

0 

0 

C 

4 — • 

c 

*o 

>-> 

XI 

0 

o 

0 

k- 

o 

O) 

C-L 

X 

> 

00 

CO 

C 

>s 

0 

o 

CM 

0 

L. 

0 

SZ 


0 0 

0 JZ 

1 § 
v- 0 
CD = 
X I 

t 

3 


0 

CO 


c 

0 


o 

k_ 

CL 


s? 

** 0 

"O -* 

2 J3 
o 0 
cl x: 
x h- 
0 

0 = 

JZ — 

E CD 

2 B 

a> w 

N 40 
N CO 

2 CC 


0 u- 

=3 -K 
CO 

X 9 

® 0 
0 — 
JZ O 
4- CO 

0 *o 

g c 

CO 0 

S £ 

° 05 
CO C 

4— » 

C C 

® ‘co 

E £ 

CD •;= 
> 2 
2 ^ 
cl a) 

ii 
- $ 
° > 

a> O 
CD I 

To y 
a5 'co 

0 CD 

GO £ 


| :s § 

CD -O ^ 

r T3 O 

*: co t: 

CO 

0 c o 
O ' V-j 
3 0 CO 
T3 o O 


2 co ~ 

C to ^ 
. 1-8 
0 

O o 
c o 
0 'V r ~ 
e in 
0 co co 

■o 0 

c XI 

3 *•* 

o +2 

hL 0 

c 

2 g 


o 

E 

co 

XI 


c 

g 

4— » 
0 
3 
05 
0 


5 t3 £ 
1 £ 3 

k_ k— 4— ' 

o XI ^ 
0-^0 
Q5 0 "O 

05 ^ C 

c 


3 

"O 


0 J 
-i= ID 
3 0 

O" $ 

2 g 

C *0 

3 


>N 

JZ 

"O 

0 

o 

c 

co 

0 

4—* 

c 

0 

2 

0 

CL 

k_ 

0 

0 

e 

X3 

o 

o 

h- 

CO 

k— 

O 

k— 

0 

0 

O 

3 

T3 

0 
' k— 

c 

0 

O 

DC 

< 


0 

O c! CD 

2-o 1 

|il 

03 2 * 
Z CD ^ 
CO "O ® 

CD 2 CD 
C 0 00 
c 5 CO 
0 O -s 

to a co 

£ ® ^ 
n 0 

05 JD 


TJ 

g 

M — 

o 

E 


.52 

x= 


3 

O 

0 

x: 


0 

XI 


c 

0 

E 

0 

k_ 

*3 

O' 

0 

k. 

0 

ti 

o 

€d 

?! 
S R 


< ^ cO 

^ CD - 

I Pi 1 

1“ o 

0 


c 

o 


0 


“o t: t= 

CD O 
00 O c 

0 3 co 

nn T5 X 
1X1 <D 


c g 

o ^ 
0 E 
Z w 
h- « 


0 


CD 

O 

I- 

0 


_0 
0 JD 

O 0 

-2 w 
T3 O 

0 CL 

1 0 

® Q 

^ 8 

3 j*: 

8 S 

CD ~ 

8 E 

co 3? 

1 S 

o > 

n o 

It 

O 

CD c 
^ 0 

0 2 

^ CD 

’r?i 

2 00 
g i- 

'«3 8 
•- 

0 o 

Z 5 

® o 
E c 
0 e 

g ^ 

f! 


O 

~ ID. 
0 0 
0 o 

SZ 05 
0 
- g 
Q o 

4- C 

.E 0 

O XI 
CL 

- ? 

< £ 
0 

d i 

4 — » 

O CO 

O- ^0) 

.E £ 


c 

o 

XI 

CO 

CO 

0 


c 

0 

o 

k_ 

0 

CL 

in 


C T- 
2 

2 -O 

0 CO 
CL C 
_ .05 
^ CO 
CD 

0 TD 

B 0 

O JO 

0 z 
0 

>» cO 

JD JO 


192 



Take-off Noise Impact 
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(A) Current baseline design (E) Standard noise abatement 

(B) Standard T/O profile thrust cut back (689 ft) 

(C) Modified T/O profile (F) Thrust roll-back 

(D) Modified T/O profile and improved L/D 
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